Solar Flare Prediction Using
Discriminant Analysis

Jeff Tessein, KD Leka, Graham Barnes
. NOrthWest Research Associates Inc.
: B Colorado Research Associates Division

CoR
O\




Motivation for this work

There is no clear indication of when a solar flare is
going to occur

Predictions are needed to minimize the harm inflicted
by solar flares

GPS navigation rendered useless, blackouts,
harm to astronauts, and possible damage to
satellites
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Ability to predict “all clear”

9% or lower chance of a major event

The diverse need for flare predictions calls for
different warning times

Planes flying polar routes might need more prep
time in order to change their flight path than the

power company needs to shut down vulnerable

areas of the power grid




Solar Flare Prediction

Lots of methods out there but none are absolutely effective, and we
don't know exactly how effective they are

The discriminant analysis can sort through these methods and
compare them

Goal is to find the most powerful predictors of solar flares

We expect that this will be a group of parameters rather than just
one

We have four that perform the best (both individually and
grouped together): total flux, current helicity, vertical current, and
the standard deviation of neutral line shear

Look at different time intervals — my summer project

Nominally a flaring event is 24 hours
Analyze results of the analysis when a flaring interval is shorter



Output of discriminant analysis
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Discriminant Analysis

Classification table shows how well the analysis
has performed

Diagonal elements are correct predictions and off
diagonals are incorrect predictions

Fake data set depicts two different populations

» Diagonal line is discriminant boundary or “50%
line”

e Circles are means

* Distance between them is Mahalanobis
distance — indicates amount of statistical
difference between the samples

In solar flare context, a point on the discriminant
boundary statistically has a 50% chance of flaring

When running the DA, there are just a few
parameters affecting the analysis, and as we add
more and more variables, the results will not
improve past a certain point.




Data

Magnetograms from the IVM (Imaging Vector Magnetograph) at Mees Solar
Observatory in Hawai'i

The IVM can observe magnetic field vectors in the photosphere
Magnetograms are taken every day

Photograph by Ray Mains




Magnetograms are used to derive other parameters

Data

used in the analysis e.g. Total flux

Some parameters are not used because they are

repetitive

Flaring intervals are determined by:

Flare occurring within a certain time after the
magnetogram

Flare exceeds a predetermined minimum soft X-

ray flux
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One variable time dependence on skill score (total flux)

Skill Score (climatology)

Number of samples, min sxr= 107
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variable time dependence on skill score (total flux)
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Discriminant Analysis using GONG data

Global Oscillation Network Group; A network of stations all
over the world with a constant view of the sun providing
helioseismology data. The data used in this analysis include
subsurface plasma flow, subsurface vorticity, magnetic field,
and flaring history.
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classification table:
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Summary

oIt's clear that small number statistics are a big issue.
* These results show that skill scores can improve with more data points.

*Beyond that, the samples aren't large enough to say with confidence what
impact small AT has on forecasting.

A larger database may be introduced in the future in attempt to rectify this.

 NDA AT results are shown to the right. These are C-and-above flares, which
Includes as much data as possible. By looking at the difference between 18
and 24 hours, it would appear that a forecast at small AT is not possible.

SOHO/MDI image of the sun
on July 30, 2008 %




